Here, I introduce a concept called autonomous selection to refer to a source of selection that is part of the individuals upon which it acts. The concept is motivated by a set of phenomena with the following characteristics: Natural selection shaped a variant (e.g., gene, epigenetic mark, or combination thereof) to act in a manner that reduces the frequency of one or more heritable traits of the individual in which it is located if those traits are detrimental to individual or group fitness. Phenomena with these characteristics are peculiar to traditional evolutionary theory but have been identified rather frequently in recent decades. They are also relevant to adaptive evolution: By reducing the frequency of a trait detrimental to fitness, the variant accelerates the evolution of adaptations, which allows its holders to adapt better to constantly changing environments. The variant is shaped by (natural) selection, but also does (autonomous) selection.
including but not limited to genomic analyses; the identification of mutation pathways; and the ability to use gene knockouts in order to prevent a mutation rate increase (Galhardo et al. 2007; Shee et al. 2011 ).
Local hypermutation
In local hypermutation (Jablonka and Lamb 2005; Hodgkinson and Eyre-Walker 2011; Martincorena et al. 2012; Martincorena and Luscombe 2012) , mutation rates are higher at some loci than at others and this elevated mutation rate is thought to remain consistent from individual to individual and through time-that is, it is not "induced" by stressors (Jablonka and Lamb 2005, pg. 94) . Locally-elevated mutation rates have been found in taxa ranging from bacteria to humans. Jablonka and Lamb (2005, pg. 92) consider local hypermutation to be a source of mutations that is "not entirely random, but…also not precisely directed." That is, more mutations are produced at a genomic place where they are useful, though the specific mutations that occur are determined randomly.
Insofar as a locally-elevated mutation rate is the same across the population, then they do not satisfy criterion 1 of autonomous selection. Local hypermutation may cause changes in the frequencies of traits, but these changes are random with respect to the properties of the traits themselves. That is, though there is nonrandomness with respect to which locus is subjected to mutations, there is no nonrandomness with respect to which alleles at a particular locus are subjected to mutations. Therefore, no alleles are made to lose or gain frequency on a nonrandom basis as a consequence of the elevated mutation rate. Criterion 1 is not met.
Fitness-dependent sex
In many species, sex is an obligate aspect of reproduction (Hadany and Beker 2007; Colegrave 2012) . However, in some taxa (including bacteria, yeast, viruses, nematodes, crustaceans, clovers, and soil microfungi), sex is practiced facultatively and the frequency of sex depends upon the condition of the individuals: Stressed and/or less fit individuals undergo sexual reproduction at higher rates, while unstressed and/or more fit individuals are more likely to practice asexual reproduction (Hadany and Beker 2003; Hadany and Otto 2007; Michod 2011; Ram and Hadany 2016) . Facultative sex can accelerate the evolution of adaptation (Hadany and Otto 2009).
Criterion 1: Is there nonrandom change in the frequency of one or more traits?
Compared to asexual reproduction, sexual reproduction breaks up genetic associations (Bell 1997; Agrawal 2006; Otto 2009 ). Therefore, genetic associations that are subjected to sexual reproduction lose frequency. If organisms initiate sex on the condition that they are stressed or otherwise indicated to be less fit, then their genetic associations are subjected to sexual reproduction on a nonrandom basis.
Criterion 2: Is the change sufficiently heritable to constitute evolution?
Facultative sex is theorized to have an important evolutionary role, accelerating the evolution of adaptations (Ram and Hadany 2016) .
Criterion 3: Has natural selection shaped a variant to favor or disfavor one or more heritable traits?
Biologists have offered theoretical and empirical support for theories that natural selection shaped stress-induced sex (Hadany and Beker 2003; Hadany and Otto 2007; Otto 2009; Ram and Hadany 2016) . Multiple models (Hadany and Beker 2003; Hadany and Otto 2007) demonstrate that an allele can evolve by natural selection to cause its holder to have sexual reproduction if its fitness is low, but asexual reproduction if its fitness is high.
Inheritance of acquired adaptive characters
Biologists have been alert to the idea of inheritance of acquired characters since Lamarck and perhaps eons before (Zirkle 1935) . This idea fell out of favor after the Darwinian revolution, but has gained momentum again in recent decades. Koonin (2019) outlined two criteria for "inheritance of acquired adaptive characters": (1) specific, heritable changes in the genome caused by an external factor and (2) a specific phenotypic effect of those changes that constitutes adaptation to the causative factor. Findings that satisfy Koonin's two criteria for the inheritance of acquired adaptive characters also constitute autonomous selection, provided that natural selection has shaped a mechanism in the inheriting organism's genome by which the organism inherits the acquired adaptive characters.
Koonin (2019, Table 1) has proposed multiple examples of phenomena that satisfy his two criteria, including CRISPR-Cas with strong self versus non-self discrimination; specific cases of horizontal gene transfer; piRNA defenses against transposable genetic elements; and virophage-mediated defense against giant viruses in protists. I discuss these events with respect to the three criteria for autonomous selection.
CRISPR
Bacteria and archaea cells use the CRISPR system to target genetic material that resembles spacer material in the cellular genome (Horvath and Barrangou 2010; Sorek et al. 2013; Hille et al. 2018) . Shapiro (2011, pg. 79) 
Virophage defenses
Fischer and Hackl (2016) The trait that is changed when the cell incorporates a small virus into its genome and releases it into the environment is the specific small virus that is released into the environment after death, as opposed to another small virus that could have been released. The change is nonrandom because the small virus that is released is more likely to be one that is useful for neighbors.
The small viral DNA is included into the eukaryotic cell's genome, so it is potentially heritable enough to be considered Lamarckian (Koonin 2019).
Biologists have surmised that natural selection for the virophage defense occurred on the kin level (Koonin and Krupovic 2016).
The extended evolutionary synthesis
Since the modern evolutionary synthesis in the 20 th century, some biologists have proposed novel syntheses due to what they have felt were inadequacies of prevailing evolutionary theory in accounting for certain empirical phenomena. For example, relatively recently, Arthur (2004) proposed an "inclusive synthesis" that would accommodate findings of developmental bias and Jablonka and Lamb (2005) discussed a "new synthesis" that would accommodate epigenetic, behavioral, and symbolic inheritance. However, it is Pigliucci's (2007) call for an "extended evolutionary synthesis" (EES) that has been most responsible for inspiring scholarly discussion about a novel synthesis. Over the ensuing decade, the EES has generated considerable attention, confusion, and controversy, the last two of which are at least partially due to a lack of consistent articulation of the EES's essence. Pigliucci (2007 Pigliucci ( , pg. 2743 ) acknowledged that he was offering "a stimulus to much needed discussion, not a fullfledged outline of a new research program."
The EES has represented different claims to different biologists at different times. However, recent articles written by both skeptics and proponents of the EES suggest that the controversy centers on the role of organisms in the evolution of their own adaptations. For example, Laland et al. (2015, pg. 7) of the proponents wrote of a claim that lends the EES "considerable coherence across topics": "Developmental processes play important evolutionary roles as causes of novel, potentially beneficial, phenotypic variants, the differential fitness of those variants, and/or their inheritance (i.e. all three of Lewontin's conditions for evolution by natural selection.) Thus, the burden of creativity in evolution (i.e. the generation of adaptation) does not rest on selection alone." As a further illustration, considering organisms undertaking the first category to "co-direct their own evolution" or to generate adaptation.
The second category is considerably more exclusive. Processes that accelerate the adaptive evolution of the organisms undertaking them cause these organisms to adapt faster to ever-changing environments. These processes can be said not just to alter the organism's adaptations, but to increase the organism's adaptedness. Such processes can be shaped by natural selection for their evolutionary influence, in which case their generation of adaptations fits the criteria of autonomous selection.
The foregoing raises the notion that the category of developmental processes that most illustrate the inadequacy of the modern synthesis-those that most inspired the EES-overlaps fully with the category constituting autonomous selection. This can clarify the EES controversy substantially.
In recent reviews of the EES (Laland et al. 2014; Laland et al. 2015) and on a website devoted to the EES 5 ,
proponents have focused upon four phenomena in particular: 1) niche construction; 2) phenotypic plasticity; 3) developmental bias; and 4) nongenetic inheritance. Each of these four phenomena are defined extremely broadly, though EES proponents have narrowed the scope of these phenomena and focused upon subsets they consider particularly interesting and unaccommodated by the modern synthesis.
Niche construction
Niche construction (Odling-Smee et al. 2003, pg. 41 ) is "when an organism modifies the feature-factor relationship between itself and its environment by actively changing one or more of the factors in its environment, either by physically perturbing factors at its current location in space and time, or by relocating to a different space-time address, thereby exposing itself to different factors." Of this broad set of phenomena, Laland et al. (2014) emphasized the evolutionary effects upon an organism that result from those of the organism's actions that were shaped by selection. Contrasting them with "idiosyncratic events," they wrote that (pg. 162), for example, "termites construct and regulate their homes in a repeatable, directional manner that is shaped by past selection and that EES proponents have emphasized examples that involve organisms that systematically their environment, which alters natural selection upon the organisms. I refer to the discussion in section 7 and distinguish between two kinds of cases by which this occurs: 1) environment shaping that alters natural selection on the organisms shaping it as a byproduct of why the shaping occurs and 2) environment shaping that occurs for the purpose of favoring certain traits of the organisms shaping it. Only this second category constitutes autonomous selection. The first category violates criterion 3.
The first category is illustrated by another example emphasized by EES proponents: The advent of dairy farming by humans led to selection for lactose tolerant alleles in farmers and other humans (Scott-Phillips et al.
2014
). In this example, humans influenced their environment and, in the process, influenced selection upon themselves through their environment. However, humans did not conduct dairy farming for the purpose of favoring lactose tolerant alleles (or any others). The increase in frequency in lactose tolerant alleles is attributable to natural selection, not autonomous selection.
evolved for the purpose of favoring any traits. Furthermore, influencing the evolution of traits does not necessarily mean accelerating adaptive evolution.
It is worth noting that phenotypic plasticity is involved in numerous examples of autonomous selection that have been offered in this paper, including fitness-dependent sex, and horizontal gene transfer. However, I consider here specific examples of phenotypic plasticity raised by EES proponents.
In genetic assimilation (Waddington 1953), a phenotype that is initially expressed as a response to certain conditions becomes, after some generations of conditional exhibition of the phenotype, expressed even in the absence of the conditions that initially induced it. Laland et al. (2014) were referring to this effect of plasticity when they emphasized that "(P)lasticity not only allows organisms to cope in new environmental conditions but to generate traits that are well-suited to them…In other words, often it is the trait that comes first; genes that cement it follow, sometimes several generations later." EES proponents do not dispute that genetic assimilation occurs by natural selection, as random mutations (and random epigenetic changes) that make the traits more obligate offer fitness advantages. Genetic assimilation does not constitute an example of autonomous selection unless there is evidence that mutations are directed to making the traits more obligate. Pigliucci (2007 Pigliucci ( , 2010 has focused upon evolutionary capacitance. In evolutionary capacitance, there is an initial, "buffering" step, in which individuals accumulate different mutations and this genetic variation between the individuals is not associated with phenotypic variation because of the actions of regulatory processes that orient (i.e., buffer) the phenotype despite the genetic variation. Then there is a "revealing" step, in which some stimulant (e.g., a stressor) affects the regulatory processes in such a way that they no longer buffer the phenotype and, consequently, the genetic variation becomes associated with phenotypic variation. When there is phenotypic variation, natural selection can act, which often leads to genetic assimilation of phenotypic traits that are adaptive. This genetic assimilation, if it occurs, is the adaptive evolution that occurs.
Some biologists have argued that there can be natural selection of the buffering step because it prevents mutations from being immediately subjected to natural selection, which enables a beneficial combination of mutations to evolve when each mutation would be deleterious on its own (Kim 2007; Trotter et al. 2014) . By my reading, this does not satisfy criterion 1: It has the effect of increasing the prevalence of individuals with mutations and, eventually, the prevalence of individuals with combinations of mutations, but it does not cause any allele to be more likely to be subject to mutation than any other. That is, the buffering increases the frequencies of mutations but does not exert a nonrandom influence upon which traits evolve. In these senses, it is similar to hypermutation (section 4).
Natural selection for a variant that does the revealing-counteracting the usual buffering and yielding phenotypic variation-would not constitute an example of autonomous selection, since the revealing itself does not constitute adaptive evolution (or evolution at all). However, if a case were made that natural selection shaped a variant to orient mutations in the direction of the revealed traits, that would be autonomous selection.
Developmental bias
Like niche construction and phenotypic plasticity, developmental bias has been defined to cover a very broad set of orienting agent of evolution as Darwin claimed. Rather, it is one partner in an interacting duo that is the main determinant of the direction of evolutionary change…The other partner is developmental bias…"
There are numerous examples of developmental bias in which the underrepresented or unrepresented variants are thought to offer equal or higher adaptive value compared to the variants that are better represented but such variants are not as readily obtainable by random processes of mutation and recombination (Maynard Smith et al. 1985; Uller et al. 2018) . Since the organism (and its lineage) is not expected to fit better to its environment as a result of such a bias, these examples of developmental bias do not result from natural selection shaping the bias itself. These cases illustrate that even though some biologists might put developmental bias on par with natural selection in directing adaptive evolution, natural selection differs from developmental bias in that evolution by natural selection can be expected to improve the fit of a target to its environment, whereas developmental bias does not necessarily.
However, there are other examples of developmental bias in which the underrepresented or unrepresented variants are thought to offer lower adaptive value compared to the better represented variants. These are examples in which individuals (and their lineages) are better adapted to their environment than if the bias had not occurred.
Some biologists have argued that natural selection can shape developmental bias (Parter et al. 2008; Pavlicev et al. 2011; Jones et al. 2014; Watson et al. 2014; Watson and Szathmary 2016; reviewed in Uller et al. 2018) . Criterion 1: Is there nonrandom change in the frequency of one or more traits?
As a consequence of the pleiotropy and epistatic effects that have been discussed in examples of developmental bias, the frequency of maladaptive trait combinations is lower than otherwise. For example, developmental bias that causes mutational effects on left arm length to correlate with mutational effects on right arm length reduces the frequency of different arm lengths (presumably a maladaptive combination) in the same organism.
Developmental bias helps organisms adapt faster to environmental changes. It even allows organisms to adapt faster to environments that have the same structural regularity as prior environments but that are different in some ways from all previous environments (Uller et al. 2018) . Developmental bias facilitates adaptation to these new environments with novel phenotypic combinations (Parter et al. 2008; Watson et al. 2014; Uller et al. 2018 ).
Criterion 3: Has natural selection shaped a variant to favor or disfavor one or more heritable traits? toward adaptiveness. And acceleration of adaptive evolution results from modifications that prevent a cell from becoming compromised (e.g., CRISPR, section 6.1; piRNA defenses, section 6.3; virophage defenses, section 6.4).
The environment constantly changes due to the evolution of predators, parasites, and prey and changes in weather. It generally takes time for adaptations in an environment to evolve and by the time they have evolved to an environment, the environment will have changed-in particular, by the evolution of natural enemies such as predators and parasites. Accelerating the evolution of adaptations lowers the time-lag and, therefore, improves the organisms' adaptive fit. The examples of autonomous selection examined in this manuscript all accelerate adaptive evolution and also cause organisms to be better-adapted than they would be if natural selection were acting in the absence of the variants responsible.
In reviews of the EES, proponents have not yet recognized a distinction between two kinds of processes : 1) processes that accelerate the adaptive evolution of the organisms responsible and 2) processes that merely alter the adaptive evolution of those organisms. As I have argued in this section, processes of the former kind cause the organisms to be better-adapted to their environment, while processes of the latter kind allow no such expectation.
All of the examples of autonomous selection considered in this manuscript are processes of the former kind. Part of the utility of the concept, autonomous selection, is that it allows all known processes that increase the organism's adaptedness in its environment to be grouped under selection.
Many of the examples raised by EES proponents fit into the latter category. Processes of the latter category are joined in altering the adaptive evolution of the organisms responsible by many other processes, including the evolution of natural enemies and weather processes. 
